The following paper tries to derive a Black-Scholes equation by using tools of quantum physics pertaining in that sense to Hamiltonian operator, path integrals, completeness equation, introducing ket and bra vectors. Schrodinger Hamiltonian is presented and compared to Black-ScholesSchrodinger Hamiltonian. Similarity was demonstrated and it was proved that Schrodinger Hamiltonian was Hermitian while Black-Scholes Hamiltonian was anti-Hermitian. By using Schrodinger equation, price of option was implemented in the Schrodinger equation and by using BlackScholes Hamiltonian. Black-Scholes equation was derived and a new and really powerful approach was demonstrated that could have immense application in the quantitative analysis and asset pricing.
Introduction
In order to analyse and connect the two aforementioned equations, following facts will be presented [1] :
• Schrodinger equation is the cornerstone of quantum mechanics while Black-Scholes equation is the cornerstone of quantitative economics. The following facts are to be used: • If we have a quantum particle, its position is a random variable; at the same time the price of security is a random variable.
• The Schrodinger equation demands a complex state function ( ) t ψ . At the same time, Black-Scholes is a real partial differential equation that always yields a real valued expression for the option price. BlackScholes equation is like a Schrodinger equation for imaginary time.
• As Schrodinger equation demands a complex state function, the price of the option is analogous to the state function ( ) t ψ and the aforementioned state function requires a probabilistic interpretation. On the contrary, the option price C is directly observable and does not ask for probabilistic treatment.
• At the same time, in that sense referring to probabilistic interpretation above, Schrodinger equation has to satisfy the following condition 1 ψ ψ = required by the probabilistic interpretation in quantum mechanics while at the same time the value of C C is arbitrary.
• At the same time, we must refer to the Hamiltonians. All the Hamiltonians in quantum mechanics are Hermitian and therefore all eigenvalues are real. At the same time, Black-Scholes Hamiltonians that affect option price are not Hermitian and this causes eigenvalues that are complex.
• Complex eigenvalues of Hamiltonians that are obtained in finance lead to a more complicated analysis than one encountered in quantum mechanics, in particular according to Belal E. Baaquie there is no well-defined procedure applicable to all Hamiltonians for choosing the set of functions that yield the completeness equation. The special cases where a similarity transformation leads to an equivalent Hermitian Hamiltonian yields a natural choice for the set of complete eigenfunctions.
• Schrodinger equation is time reversible and is an initial value problem and time evolution is given by e itH −  while Black-Scholes process is time irreversible due to its Hamiltonian being non-Hermitian and at the same time because pricing kernel is determined by the time-irreversible semi-group e H τ − .
Theoretical Results
In order to analyse and see the similarity between Black-Scholes equation, it will be derived but in the formalism of quantum mechanics. The Black-Scholes equation, but considering at the same time option price with constant volatility is given by:
If the change of variable is implemented:
e ;
Then, the Black-Scholes-Schrodinger equation is obtained [1] .
where the Black-Scholes Hamiltonian [2] is given by
If we view the Black-Scholes as a quantum mechanical system, it only has one degree of freedom, x, with following analogies with Schrodinger equation:
• Volatility-inverse of mass.
• Drift term-(velocity-dependent) potential.
• Price of the option C-Schrodinger state function.
In order to see if Black-Scholes Hamiltonian is Hermitian or anti-Hermitian, we must define and derive the following equations.
It is known that a matrix M has a Hermitian conjugate defined by † * ij ji
The Hermitian conjugate on arbitrary operator O is given by [2] :
It is important to establish if Hamiltonian is Hermitian or anti-Hermitian because it is necessary to be aware of the space that an operator acts on, whether it acts on some N space or its dual space dual N . The difference in finance is important.
In order to analyse Black-Scholes and Schrodinger equation, the state space in quantum mechanics must be defined. It is important to explain completeness equation. Completeness equation refers to the existence of basis vector so that any arbitrary vector can be represented as a linear combination of these basis states [1] .
For all the application that will be examined, particle moves on a "continuous" line R; each point on the continuous line is a possible state for the system and thus the aforementioned particle requires continuously infinitely many independent basis vectors. However, the completeness equation of a two state is consequently to a N state system and then the limit of N → ∞ is taken.
In order to introduce completeness equation, firstly we will introduce the example from the Belal E. Baaquie [1] . He is considering an electron moving in a space, its position is denoted by x and it can hop on the discrete points on a lattice, the points are given by x na = . The basis states are labeled by n and can be represented by an infinite column vector with the only non-zero entry being unity in the nth position. So we have the following: 0, 1, 2, , (8) where ℑ above is the infinite-dimensional unit matrix. As we want the movement on lattice not to be discrete than continuous, we have to introduce the limit of 0 a → . The state vector for the particle is given by the "ket" and its dual by the "bra" vector. This is where Hermitian of Hamiltonian plays the major role. Ket and bra vector are denoted respectively:
x -"ket vector" and x -"bra vector" In terms of the 0 a → , the following is defined:
where the scalar product is given by Dirac delta function:
The completeness equation is given by:
-the completeness Equation (11) where ℑ is the identity operator on (function) state space. 
The differential operator is anti_Hermitian. Now we will analyse the co-ordinate operator:
The co-ordinate operator is Hermitian. It was very important to introduce the following operators, as Hamiltonian operator, which is denoted by H, evolves the system in time and it is the most important operator in option pricing. The operator is non-Hermitian and is defined in the following.
We have introduced the co-ordinate operator and differential operator. As Belal E. Baaquie [2] points out there are special eigenstates that are of particular importance for all operators. For the co-ordinate operator, equation can be written as:
This vector is called an eigenstate of the co-ordinate operator x  with real eigenvalue x since x  is Hermitian.
According to Belal E. Baaquie, the eigenvalue equation for a non-Hermitian Hamiltonian H is given by a generalization of the the equation and the following equation. There exists special quantum states which are called energy eigenstates with real energy eigenvalues that form a complete set of states and are given by:
